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1. Introduction
   Oxidative stress induction generates free radicals 
including superoxides anions (O2
-
), hydrogen peroxide 
(H2O2), hydroxyl radical (OH
-
), nitric oxide (NO), organic 
hydroperoxide (ROOH) through the production of reactive 
oxygen species (ROS). These ROS are very unstable atoms 
as they possess lone pair of electrons in their outermost 
shells[1,2]. They have been implicated to play crucial roles 
in processes such as mutagenesis, carcinogenesis, aging, 
etc., which is mediated by their inherent capacity to cause 
cellular DNA damage[3].
   Obviously, several activities of man generate free 
radicals endogenously and exogenously[4], which sadly 
result in debilitating pathological diseases[5,6]. These 
pathological states are caused by the imbalance in the 
oxidative stress induction and the capacity of the biological 
system to neutralize the free radicals released following 
stress induction[7]. Of interest is the fact that the biological 
system has been packaged to nullify the destructive effect 
of these radicals generated through the inherent enzymatic 
antioxidants such as catalase, superoxide dismutase, and 
glutathione reductase. However, there are also synthetic 
antioxidants that are taken into the body to enhance 
the activities of the enzymatic ones-tert butyl hydroxyl 
toluene, butylated hydroxyl anisole, butylated hydroxyl 
toluene but regrettably, have been indicted to possess 
health-related risk[8-11]. This has led to the resurgence of 
the search for herbal antioxidants that will be compatible 
with the biological system as well as boost the capacity of 
enzymatic ones with the aim of averting the health-related 
problems accredited to synthetics[12-14].
   Undoubtedly, so many medicinal plants have been 
screened for their pharmacological, therapeutic, 
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nutraceutical and antioxidant properties[15-20], including 
Hibiscus sabdariffa (H. sabdariffa) and Telfairia occidentalis 
(T. occidentalis)[15]. Some of these herbals screened have 
shown promising antioxidant properties, especially in 
vitro[2,11,21]. H. sabdariffa and T. occidentalis possess in 
vitro antioxidant property based on the in vitro analysis 
and thus recommended for an in vivo confirmation[14]. This 
becomes imperative because of the possibility of proven 
in vitro antioxidant medicinal plants becoming weak in 
eliciting same action in vivo. The aim of this study was 
to assess the efficacy of H. sabdariffa and T. occidentalis 
extracts in the attenuation of CCl4-mediated oxidative 
stress.
2. Materials and methods 
2.1. Plant materials and extraction 
   Fresh leaves of T. occiddentalis and calyces of H. 
sabdariffa were obtained from the herbarium unit of the 
Department of Botany, University of Calabar, Nigeria where 
they were authenticated. The leaves and calyces were freed 
from dirt, air dried at room temperature for 1 week and 
milled separately using a blender. The ground samples 
were extracted by soaking in 100 mL of ethanol for 3 d with 
intermittent shaking. The filtrates were then filtered into 
separate containers using Wattman No. 1 filter paper and 
concentrated in a water bath at 450 °C. The concentrated 
paste extracts were reconstituted in distilled water for oral 
treatment.
2.2. Experimental animal and administration of extract
   Seventy-two healthy matured male albino rats weighing 
between (120依20) g were obtained from the Animal House 
of the Department of Pharmacoloy, University of Calabar, 
Calabar. The rats were housed in standard cages under 
normal laboratory conditions and left to acclimatize 
for 1 week with water and feed ad libitum before the 
commencement of treatment. Ethical considerations 
pertaining to handling of laboratory animals were strictly 
followed. A 2伊6 factorial experimental layout using 
completely randomized design was adopted with 6 rats 
in each of the 6 treatment group (A-F). Two controls were 
used. Rats in the positive control (Group A) were given 
water as the vehicle while those in the negative control 
(Group B) received 1 mL/kg of CCl4 (oxidative stress inducer). 
Rats in Groups C and D were administered with 300 and 600 
mg/kg of each of the extracts while rats in Groups E and F 
were received 1 mL/kg CCl4+300 mg/kg and CCl4+600 mg/kg 
of each extract, respectively. The administration of each 
extract was via oral gavage for the period of 30 d. 
   At the end of the experiment, the rats were sacrificed 
using chloroform anesthesia. The caudal and caput 
epididymides were surgically removed and weighed. Semen 
was obtained for sperm analysis while blood was collected 
via cardiac puncture into sterile tubes for biochemical 
analysis.
2.3. Sperm quality analysis
2.3.1. Estimation of sperm count
   This was carried out according to the method of Ekaluo et 
al[22]. The epididymal content was obtained by macerating 
with fine scissors known weights of the caput and cauda 
epididymides in a glass Petri dish containing warmed 
buffered physiological saline in the ratio of 1:10 (w/v). After 
vigorous pipetting, the suspension was separated from 
tissue fragments by filtering it through an 80 µm stainless 
mesh. A tissue-free aliquot was loaded into the Neubauer 
haemocytometer (Deep1/10, Labart, Germany). Five different 
counts were done for each sample, and the mean was taken 
as the mean count for each male rat. Sperm count was 
reported as millions of sperm/mL.
2.3.2. Estimation of sperm motility
   The sperm suspension was diluted in 2 mL of warmed 
buffered physiological saline and dropped on glass slides. 
This was viewed under light microscope as to determine the 
motile and non-motile sperm cells by their movement[23].
2.3.3. Estimation sperm viability
   This was estimated using the improved one step eosin-
nigrosin staining technique. A fraction of each suspension 
of the sperm samples was mixed with equal volume of 
eosin-nigrosin stain and air dried smears were prepared 
on glass slides for each sample according to Bjórndahl 
et al[24]. The slides were coded randomly and examined 
under the microscope for percentage viability. Normal live 
sperm cells exuded the eosin-nigrosin while dead sperm 
cells took up the stain. Percentage viability was calculated 
based on the number of viable (live) sperm cells divided by 
the number of sperm cells within 30 min multiply by 100.
2.3.4. Estimation of sperm head abnormality
   A portion of the sperm suspension was mixed with 1% 
eosin Y solution (10:1) for 30 min and air-dried smears were 
prepared on glass slides for the sperm head abnormality 
test. The slides were examined for percentage sperm head 
abnormalities in every 200 spermatozoa observed on each 
slide and five air-dried smears were prepared on glass 
slides for each sample. The percentage of sperm head 
abnormality was calculated according to Ekaluo et al[22].
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2.4. Collection of blood and preparation of serum samples
   Blood samples from the rats in the different treatment 
groups and controls were collected through cardiac puncture 
after chloroform anaesthesia into serum separator tubes. The 
blood was allowed to clot by standing at room temperature 
for 1 h then refrigerated for another 1 h. The resulting clear 
supernatant was spun at 2 500-3 000 r/min for 10 min using 
Wisperfuge model 1384 centrifuge (Tamson, Holland) at 10-25 
°C, which yielded the serum. This was stored at -30 °C until 
used[25].
2.4.1. Biochemical assays
   These assays were adapted from Edet et al[26]. The analysis 
for alkaline phosphatase activity in the diluted sample was 
determined by an optimized and standardized colorimetric 
(Randox kit) method according to the recommendation of the 
German Society of Clinical Chemists. The absorbance was 
measured using Optima Spectrophotometer SP-300 (Optima 
Inc. Chicago, USA). Alanine and aspartate aminotransferases’ 
activities were also determined using analytical kits 
obtained from Randox.
2.5. Statistical analysis
   All data collected on sperm and hormonal assays were 
subjected to analysis of variance (ANOVA) using Predictive 
Analytics Software (PASW), version 18.0. Significant means 
were separated using the least significant difference at 5% 
probability level.
3. Results
3.1. Effects of H. sabdariffa and T. occidentalis extracts on 
biochemical indices in rats
   Inducing rats with CCl4 caused significant elevation 
(P<0.05) of liver enzymes, including total protein, globulin 
while albumin level was reduced comparing rats in positive 
and negative controls. However, when the rats were treated 
with herbal extracts at 300 and 600 mg/kg, the levels of the 
above parameters reduced significantly (P<0.05) in a dose-
dependent manner, the CCl4 induction notwithstanding.
   Also inducing rats with CCl4 elevated aspartate 
aminotransferase (AST) levels to 79.49%, alanine transaminase 
(ALT) (20.24%) and alkaline phosphatase (ALP) (34.39%), 
respectively. Our result revealed that increasing the dose of 
the herbal extracts to 600 mg/kg caused significant reduction 
(P<0.05) in the levels of these parameters. AST reduced by 
54.40%, ALT, 41.61% and ALP was 26.96% for H. sabdariffa 
extract treated rats while for T. occidentalis extract treated 
rats, AST, ALT and ALP reduced by 62.26%, 48.37% and 22.65%, 
respectively (Figure 1). 
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Figure 1. Percentage reduction in oxidative stress induction by CCl4 after 
applying 300 and 600 mg/kg of H. sabdariffa and T. occidentalis.
HS 300: H. sabdariffa 300 mg/kg; HS 600: H. sabdariffa 600 mg/kg; TO 300: T. 
occidentalis 300 mg/kg; TO 600: T. occidentalis 600 mg/kg. Data with the same 
case letter on each bar indicates no significant different (P>0.05).
   Importantly, the trend was not consistent as in some cases 
300 mg/kg dose of the extracts resulted to better reduction of 
Table 1
Effects of H. sabdariffa and T. occidentalis extracts on biochemical indices.
Plant extracts Treatments Biochemical parameters
AST (IU/L) ALT (IU/L) ALP (IU/L) Total protein (g/L) Albumin (g/L) Globulin (g/L)
H. sabdariffa
Control (+ve)  117.00依4.10b 83.0依1.8c    126.5依1.3ef 72.0依2.5c   53.0依2.4cde 19.0依0.6d
Control (-ve) CCl4 (mL/kg)  210.00依3.20
a
99.8依1.7a   170.0依1.4a 88.5依3.0a  49.0依0.8bc 39.5依3.7a
300 mg/kg    79.30依2.53g 71.0依1.3d     128.8依2.4def 82.0依0.7b 56.3依0.3a 25.7依0.7c
600 mg/kg   105.00依3.20cd 46.5依1.2g     132.8依3.0bcd 78.9依3.3b  46.5依2.0ab 32.4依2.2b
CCl4+300 mg/kg   100.80依2.40
ed
58.0依1.4e     130.3依0.9cde  76.3依1.8bc 43.9依3.8a 32.4依3.0b
CCl4+600 mg/kg    95.80依1.10
fe
57.3依0.5e  124.5依1.7f  73.0依0.7c  46.0依1.2ab 26.9依0.7c
T. occidentalis
Control (+ve)  117.00依4.10b 83.0依1.8c   126.5依1.3ef 72.0依2.5c   53.0依2.4cde 19.0依0.6d
Control (-ve) CCl4 (1 mL/kg)  210.00依3.20
a
99.8依1.7a  170.0依1.4a 88.5依3.0d  49.0依0.8bc 39.5依3.7a
300 mg/kg    79.50依1.50g 31.8依1.4h  124.5依1.7f 81.7依2.2b 43.1依3.0a 39.6依1.4a
600 mg/kg  110.00依4.80c 87.8依3.3b    134.5依4.5bc 80.1依0.6b 50.9依3.2  29.2依2.6bc
CCl4+300 mg/kg   90.30依2.80
f
50.8依1.1f   117.0依1.3g 65.4依2.2d 54.9依1.0 11.0依1.4e
CCl4+600 mg/kg   79.30依2.50
g
51.5依1.0f       131.5依0.7bcde 72.8依2.7c 52.4依1.0 20.4依1.8d
Data with the same superscript along vertical array indicate no significant difference (P>0.05).
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enzymes levels, especially in T. occidentalis extract treated 
rats (Table 1).
3.2. Effects of H. sabdariffa and T. occidentalis extracts on 
sperm profile in rats
   Our result showed that inducing rats with CCl4 resulted to 
significant (P<0.05) reduction in sperm count, sperm viability 
and sperm motility while sperm head abnormality was 
significantly increased. It revealed that administering rats 
with H. sabdariffa and T. occidentalis extracts at the dose of 
300 and 600 mg/kg increased sperm count comparing positive 
and negative controls (Table 2).
   The trend was same for sperm viability, motility though for 
sperm motility rats treated with 300 mg/kg of H. sabdariffa 
was significantly higher (52.84%) than those treated with 600 
mg/kg of the extract (43.18%). For sperm head abnormality, 
comparing rats in the positive control and those in the 
negative control with the treated, H. sabdariffa and T. 
occidentalis caused significant (P<0.05) reduction.
   Result obtained from the current study also showed 
that inducing rats with CCl4 caused 19.29% reduction in 
sperm count, 61.96% in sperm viability, 61.93% in sperm 
motility and increased sperm head abnormality by 124.90%. 
Exception of sperm viability, treating rats with 600 mg/kg of 
either extracts increased their percentage effects on other 
sperm indices.
   Comparatively, our result revealed that H. sabdariffa 
extract at 600 mg/kg was better in reducing oxidative 
stress caused by CCl4 induction as sperm viability had 
97.46% reduction and 107.83% for sperm motility while T. 
occidentalis was better for sperm count (20.33%) and sperm 
head abnormality (43.92%). 
4. Discussion
   Free radicals are produced either endogenously or 
exogenously in the human system and regrettably[4], which 
have been reported to compromise normal physiological 
processes, leading to pathological state[5,6]. A shift in 
attention from synthetic antioxidants to plant-derived 
ones[12,13] might have been informed by their alleged side 
effects[8-11].
   Obviously, free radical attacks unsaturated fatty acids in 
the membranes resulting in membrane lipid peroxidation. 
This however, decreases membrane fluidity, leakage of 
enzymes and loss of receptor activity as well as damage 
membrane proteins, leading to cell inactivation[5]. When 
lipid peroxidation progressively increases according to 
Tiwari and Rao[27] and Amirkhizi et al.[28], antioxidatant 
enzymes defence system decrease proportionally. The 
mechanism of action of oxidative stress inducers including 
CCl4 is to weaken and make the membrane linings of organs 
flaccid. It does suggest that CCl4 may have weakened the 
membrane lining of targeted organs of the rats, especially 
the liver where ALT has been reported to be very abundant.
   Our result on biochemical parameters showed that 
although CCl4 induced oxidative damage on the rats, 
which may have led to the elevation of AST, ALT, and ALP, 
administration and co-administration of H. sabdariffa and 
T. occidentalis extracts significantly reduced the enzyme 
levels. The antioxidant properties of H. sabdariffa and T. 
occidentalis extracts in vitro were earlier documented but 
needed confirmation in vivo[14]. This current report confirms 
the findings of Ikpeme et al. in vivo[14]. Given the initial 
increase in the levels of the enzymes orchestrated by the 
production of radicals, it is very likely that the extracts had 
scavenged the radicals, quenched their damaging effects 
as well as reversed the process of lipid peroxidation. The 
increase in ALT level in the rats induced with CCl4, AST and 
ALP elevated levels notwithstanding, is a clear indication 
of damaged hepatic cells, which was rehabilitated by 
the herbal therapies. It might mean that these herbal 
antioxidants may have acted as cementing agents as well 
Table 2
Effects of H. sabdariffa and T. occidentalis extracts on sperm profile.
Plant extracts Treatments Sperm profile
Sperm count (106/mL) Sperm viability (%) Sperm motility (%) Sperm head abnormality (%)
Control (+ve) 18.04依0.04e 55.94依0.06b 63.04依0.05a  9.88依0.06f
H. sabdariffa Control (-ve) CCl4 (1 mL/kg) 14.56依0.08
j
21.28依0.11j 24.00依0.03j 22.22依0.11a
300 mg/kg 21.02依0.02c 40.52依0.08f 52.84依0.12b  8.96依0.06h
600 mg/kg 26.04依0.06a 50.36依0.08c 43.18依0.06d  8.20依0.23i
CCl4+300 mg/kg 15.96依0.02
h
33.24依0.07i 35.00依0.08h 13.84依0.05d
CCl4+600 mg/kg 16.82依0.06
g
42.02依0.04e 49.88依0.13c 21.14依0.06b
Control (+ve) 18.04依0.04e 55.94依0.06b 63.04依0.05a  9.88依0.06f
T. occidentalis Control (-ve) CCl4 (1 mL/kg) 14.56依0.08
j
21.28依0.11i 24.00依0.03j 22.22依0.11a
300 mg/kg 19.68依0.08d 43.98依0.08d 37.02依0.04f  9.08依0.22g
600 mg/kg 21.60依0.10c 60.24依0.18a 39.98依0.05e  8.98依0.16h
CCl4+300 mg/kg 15.64依0.10
i
40.02依0.16g 30.96依0.06i 18.54依0.12c
CCl4+600 mg/kg 17.52依0.10
f
37.92依0.04h 36.00依0.05g 12.46依0.11e
Data with the same superscript along vertical array indicate no significant difference (P>0.05).
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as capacity building for the inherent antioxidant enzymes. 
It should be understood that plants are reservoir of variety 
of phytochemicals that are thought to act on a variety of 
targets through various modes and mechanisms[27,29]. The 
modulating effects of H. sabdariffa and T. occidentalis 
extracts on oxidative stress induced rats might be largely 
contributed by the high polyphenols and flavonoids 
reported[14].
   Despite the multi-factorial aetiologies of human infertility, 
there is a growing awareness that reactive oxygen and 
nitrogen species (ROS/RNS) and associated oxidative damage 
may be potent modulators of reproductive health[30,31]. 
Oxidative and nitrosative stresses are associated with both 
risk factors for infertility such as sperm damage and motility 
in man[31,32]. Our present result on sperm profile revealed 
that CCl4 reduced significantly sperm count, viability 
and motility while increasing sperm head abnormality. 
Endothelial cells are responsive to many stimuli that either 
promote vasorelaxation or vasoconstriction[33,34]. This 
vasomotor function could be impaired by oxidative stress 
with profound adverse consequences on reproductive health. 
The implication therefore is that CCl4 might have impaired 
vasomotor function as a result of vascular endothelial lining 
alteration. Interestingly, the administration of flavonoids, 
which is also one major bioactive component in the two 
extracts studied, ameliorates endothelial dysfunction and 
thus restores proper vasomotion[35].
   Spermatozoa are very rich in polyunsaturated fatty 
acids such as docosahexaenoic acid which is susceptible 
to oxidation. This may have led to the decreased sperm 
viability as it has been associated with increased lipid 
peroxidation in CCl4 induced rats. Importantly, spermatozoa 
produce elevated fluxes of ROS, which needs to be counter-
balanced by an appropriate antioxidant network to avoid 
damage to macromolecules like proteins, lipids and nucleic 
acids[36]. What the antioxidant does is to act as sensors to 
regulate its concentration as well as finding proper balance 
between the physiological actions of ROS on sperm cells 
and their detrimental activities on cell physiology[37]. 
The use of antioxidants and other redox modulators, as 
nutraceutical/pharmacological treatments too many forms 
of infertility had been reported[32]. There are also reports 
that dietary antioxidants limit oxidative stress thereby 
potentially maintaining semen quality, though there are 
various conflicting reports regarding the beneficial effects 
of antioxidants on reproductive health due to negative 
clinical trials[38,39]. As a confirmation to the potential effects 
of herbal antioxidants on sperm quantity and quality, our 
result showed that treating rats with H. sabdariffa and T. 
occidentalis extracts caused significant boosting effect on 
sperm count, sperm viability and sperm motility while 
decreasing percentage sperm head abnormality significantly. 
Diets rich in plant food are associated with better vascular 
compliance[40]. The increase in sperm count, viability and 
motility and reduced sperm head abnormality may have 
been possible due to the membrane-cementing capacity 
and cellular integrity maintenance ability of these herbal 
antioxidants.
   Conclusively, the implication of our results is that H. 
sabdariffa and T. occidentalis extracts might be further 
investigated and optimized for the management of oxidative 
stress-related organ injuries, including infertility.
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